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SUPBARY 


The nmurpose of the investigation was to determine the tenpereture 
distribution and velocity profile surrounding the wike of a 1500 pound 
thrust lianid rocvet motor, The texperature measurements were re- 
stricted to those SOO°F and below. Tho velocities measured wore in 
the revion ia which De tenperature measurements were madc. 

The rerion in which the tenporetures exceeded 500°F was found 
to be included within a solid angle of ten degrees. The hich tenpcra- 
ture region was found to bo larger then the high vslocity region. 

The investigation was carried oat during the acadevic year 1946- 
1947 at GILCIT Jet ’ropulsion Laboratory under the supervision of 


Dr, Fobort H. Boden. 








Nee eT 


EER. ere - 6 ote 


The Llignid rockets which wero mm for ner’ormance data with 
various fuel specifications were of the regoneratively cooled type 
jeveloning a 15900 nouna thrust. The rocket motors were all mountod 
on the same thrust carriage and the structure of the pit surrounding 
the rockets remainsd essentially the samo for all of the rums. The 
rocket motors were mounted horizoitally as shorm in Fie. 1. Figs. 

1 and 2 show the irresnlar nature of the area into which the rocket 
was fired. 

Tho radiation thermocouples which were used to make the tomnsre- 
ture survey were of the iron-constantan tyse. Instructions end a 
schematic drawing of tho tyne used may be found in Fir. 3. The 
thermocouples were used in conneotion with a Brown Potentiometer which 
nad 15 outlets. The potentioneter could record the 15 different ten- 
peraturos at & rate of one a socond if the tempcrature at each thermo- 
couple were constant. “ig. 5 is a photogrash of this Brom Potentio- 
moter, A rack made of pipe and angle iron was built to hold the there 
mocouples in vosition as shown in ris. ©. 

To redice the effect of radiation, a shield wes built to protect 
a thernocouple from the flame of hot gases. Fig. 6 is a schematio 
representation of the shield used to produce this effect. 

A Leeds and torthrop portable optical Pyrometer, No. 8622, was 
used to determine the flame temperature of the luminous flame. The 


Cirouit of this pyromoter anvears in Fig. 7. 
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A sVagaation (Msoratise orbs which coubled as a shielded ther- 
mocouple was mounted on the rack as shown in fig. & Fig. 3 is a 
photostatic cony of the production crawing for the stagnation probe. 

fhe *randtl citot tube was sclocted as best suited for the velocity 
survey beceuse of its yaw characteristics as shovm in Fiz, 9. Fig. 10a 
and fig. 10b are copios of the production drawings for the Prandtl 
cube, Beosuse of the high temperatures to which the tubes were to be 
subjected, the joints were all silver soldered, The Pitot tubes were 
mounted upon the thermocouple rack six inches apart, (Fiz. 5),  Jne- 
quarter inch copper tubing was used to connect the Pitot tubes with 
the tubes of the multiple manometer board. 

The multiple manometer board (Fig. 11) consisted of 12 "U" tubes 
half filled with alcohol. The alcohol was dyed red to improve its 
photographic characteristics. The board was mounted upon a frame of 
angle iron which could be bolted in three tilting positions (90°, 
30°, and 14,5°). Te reoord the manometer tube displacements, a 35 mm. 
movie camera was mounted on the manomoter frame. Two reflector type 
photo flood lamps, mounted as shown in Fig. 11, provided the illumin- 
ation. 

To mensure the velocities close to the motor within the firing 
pit, a remote control variable »rosition Prandtl tube was built 
(Fiz, 12), 4 small synchro was placed inside of a motal box with a 
shaft protruding through the top to which the Prandtl tube was mounted 
(*ir. 13). The control synohro and power source for the variable 
position Vitot tube can be seen in Fig. 14. ‘This control station 
was inside the observation roon of the pit. Fir. 15 is the electrical 


cirecnit for the control of tho variable position vitot. fhe pressures 
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the rocket motors were run primarily for performance information. 
The Mm erature and velocity survey of this revort was added after 
tne performance series had been started, 

(1) 4n initial survey to determine tm suitability of an iron- 
constantan therrocouple was made durinrz test runs Pos. 165,°29, 2, a, 
C2, 24, 25, 26, 27 and 29, The laze in temoecrature rosvxonse was 
meastired curins these runs. 

(2) An atternt was made to protect the thermocouplo from the 
direct radiation of the flene end to determine the effectiveness of 
a shield during run los. 23, ©, SO, 31, 32, 55, 34, and 35. 

(3) A Praidtl Pitotestatic tube was tet in the field to 
detormine the possibility of using that tube for the velocity survey 
curing runs os. 37 and 38. 

The initial runs demonstrated th:t iS instruments selected could 
be used to obtain the objectives, A rack was made upon which 11 thermo- 
couples and 12 Pitot tubes were mounted. The Browm Yotentioméeter 
was available in the pit and the inclined manometer board was built 
so that velocities over o wide ranre could be determined, 

The rack was placed perpendimwlar to the longitudinal axis of the 
notor at five stations behind the motor, The five stations were 26.5, 
24.6, 22, 19 and 16 feet aft of the motor nozzle. The rack was so 
oriented for runs 73 to @3 inelusive. For runs 95 to 98 the rack 
was placec at a 579 angle so that the direction of the velocity could 
< 


be deternined. ne temperature survey within six feet of the motor 





was completed by placing th- rwe). paraliel] with the longltudinel axis 
of the motor durias ruas 99 and 100, 

the Stagriwition tenvorasnre was determined by olacing the stapite 
tion prebo on the rack for runs 95 to 95 inclusive, 

the remote ecoatrol Pitot tube wes placed inside the »it close 
to the riotvor to measure the velocity orofile there durins runs 38¢ to 
Yd iaclusive. 


The investisation was extended to the fleme characteristics with 


ct 


he use of the Leeds and sorthrop Uptical “yrometer and an -Jastman 
high speed movie camera, The optical pyrometor was held 10 feet aft 
of tha notor and 10 feet fron the axis of the flame. From this 
position the pyrometer was sighted upon the Tlame six feat aft of the 
nozzle. The high speed camera was set up to take koduchrome victures 
of the exit of the ~otor during run ‘io, 34, Black and white pictures 
of the end of the flame were teken during run to. 86, Tho canera 
was 10 feet from the flame during run ho.84 and 45 feet from the 


{lame during run Wo. 55. 


(1) << diecast Shewaocon7)s wien exorsed to a viel toroerature 
requ.r®s time to mpech that temperature. “iz. Li is the resvonase of 
Che clismeocoll les Stich wert used im t}) 15 irvestifatin:, The data 
Poretuvie Carve was chtatihed from runs Ros. 1° to 2.2 as ahown in lable 
T(e) to may. it wAS reblizéd that tne respoase of the thermocouvlé 
was faster when the chenre in tenporeturce was mall compared with the 
ambient air terosrature, 

(2) The shield about the thermocousle reduced ths teaperature 
rise and also oroluced a :mc!. slower temperature rise as is indicated 
imal, 1G, 

(2) The temperature surveys taken 26.5, 24.5, 22, 15 and 16 
feet aft of the motor are plotted, figs. 19a to 23a and eda and b, 
as temperaturo rise versus redial distance from the center line of the 
axis of the flame. The rise in temperature was in each case corrected 
for tire lag by the use of the thermocouple Nesnponse Curve, Fiz. 17. 
The data is guite consistant considering the variations caused by 
wands and that the mixture ratio was seldom repcated. Aowever, the 
temperatures measured by the thermocruples are not necessarily the 
eir temperatures, since the air is rolatively transparont to radiation. 
The thernocouples reached equilibrium after sixty seconds which 
indicates that they wore losing as much energy via conduction along 
the leads, convection to the air, and the radiation losses as they 
were receivine via radistim. ‘ome of the temperatures were taken 
in the mixing regior. of the jet gases and ambient air. ‘he location 


£ this rixine region we not dotormined in this investigation. 


7 7+ GEV ga aces « SS a 5 Clair 3.. 2 co iy e : Ps fe ‘“ : 
(4) ea, CEO eh ix “wot ALD of the geecle we oor: ured 


by the ovtiegsl pyremoter, were 33°COF, 32609°F, and 3300°. These 


toners wits Srv odimacels G00Y s>ave the theoretics] exit 
tonne, «6 fis Wy Oe exslvuined & tiawufter burning cf the 
Gkwanet Uewee, We erniissivity of the flean= was takon to be wi ty 


Wecemmenre Corsices m@ialy or Flowing. carven bervicics, “he pyremeter 


was hane neld et a distance of ten fest aft of the motor an ten feet 
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from the center liw of the exhaust flame. 1 slizht burn 
was felt oy the ovserver on the face and ams which were exposed to 
tho Peete, 

(S) The velocity measurements were made with the aseumntion 
chat the flow was parallel with the pround at the level of the motor. 
This asswrtion was net checked and may have bec. erroneous, “he 
velocity versus distance from the center line of the exhaust jet may 
Devt oumcein fies. 195 to 23b. f plot of tho velocity profile chowing 
Girection velocity and streamlines may be seen in Firs. 25 and 27. 

(6) The characteristic of the first shock wave aft of the motor 
in the jet was recorded on a Kodachrome film by the Lastman hizh 
speed camera during run “to. 84 It was not possible to measure the 
velocity of the exhaust cases from this film. A hizher speed canera 
with a larear field is necessary, The avorage velocity of the end of 
the luminous gases which was measured fron the black snd whito filn 
tnven during run No, 35, was determined to be 2300 ft/sec, Since the 
flow was subsonic at this distance from tho motor, this wa:ld require 
an exhaust tenpereature of 2110°F at least, if the of the zases 


was 1.2. Tho velocity was therefore considered to be a reasonablo one, 


(1) The temperatures surroundin, the ict of a 1500 pounu thrust 
Liquit rocket, us measured by a bleckened thernoconuvle, are surprising= 
ly low. The high temoerature region rradually sxoaidcs a3 the distance 
aft of the motor igs increased, At 26,5 foet aft of tho motor » the 
temperature can be expectod to be 500°F highor than ambient at a dis- 
tance of 25 inches from the center line of the motor, 4.t a distance 
of four feet aft of the nozzle, the tenperature rise can be expected 
to be 500° when only 12 inches from the center line of the flane. 
ligwever, @ considerable amount of heat is conducted away by the the rmo- 
couple leads. Therefore, before placing equipment as closely as these 
temperatures indicate as safe, it would be necessury to determines the 
heat losses of tho equipment to be expected from conduction, radiation, 
aid convection. 

(2) The volocity survey was rather sketchy, but does show that 
the induced velocities are quite small end of the order of 50 ft/sec, 
The velocities were anoreciable (over 100 ft/sec. ) in the region in 
wich mixing was expected, 1+ was found that the high temperature 
regions were larger than the high velocity region, as was found by 
other invostigators dealing with snall hot jets. 

The inducod velocities might be successfully measured with the 
use of small smoke sourcus placed throughout the region of interest 
und the paths of the smoke recorded by a movie camerm. A rack of 
Pitot tubes cculd be made so thet each tube oould be vivoted during 
the run. ‘This could bo accomplished very nicely by electrical or 


mechanical linkarces. 





TABLE Ta 


TEMPERATURE SURVEY 


Run 7/18 Duration of fun 5.8 sec. Motor M-272 


Fuel Fruoll 
Oxicizer WPNA Mixture Ratio 1.45 


Thermocouple j-2 axrmocouple 7 4 
Dist. Aft of Motor io" Dist, Aft of Motor Lg" 
Dist. from ¢ of Motor 67" Dist. from ¢ of Motor 21" 


Time Time Temperature 


0 52 0 52 
6 RG 7 | 132 
47 VOC 4e 152 


TABLE Ib 


TEHMPLRATURE SURVEY 


Run #19 Duration of Run 59.6 sec. Motor M-272 


Fuel FUGH 


Oxidizer WFNA Mixture Ratio 1.26 





Thermocouple 72 Thermocouple 7 3 
Dist. aft of Motor Ee Pist. aft of Motor 48" | 
Dist. from g of Motor 67" Dist. from f of Motor 15” | 


ee eee _ 
Time Temperature Time | Temperature 
Seo. of Sec. | Of 


ee ee 


0 oD 0 55 
| Li, 7 eS 12 
22 G2 37 166 
93 85 59 | 169 
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TH“PERATURE SURVEY 


Run #20 Duration of Run 5 sec. Motor M-272 
Fuel FUOH 
Oxidizer WFNA tixture Ratio 1.96 


Thermocouple 72 Thermocouple #3 
Dist. aft of Motor 3” Dist, aft of Motor uo" 
Dist. from ¢ of Motor €7" Dist. from ¢ of Motor 12" 


56 
a 
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TEMOPRATURE SURVES 


Run 7721 
Fuel FUOTI 
Oxidizer VWIFNA 





| Thermocouple 72 
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Dist. Aft of Motor 


1g” 


Dist. fromfof Motor 67" 
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Time | Temperature 





RG he rs a 
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Duration of Run 


lie sec. 






Motor H-272 


Mixture Ratio 1,91 


Thermocounle °°% 


18" 
Dist. from ¢ of Motor 12" 


Dist. Aft of Motor 
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TABLE I(f) 


TEMPERATURE SURVEY 


Run 723 Duration of Run [5 sec. Motor M-27<2 
Fuel FUOH 
OxidGizer WFNA Mixture Ratio 2.30 





Thermocouple 2 Phermocoupie 7/5 
Dist. Aft of Motor 4g" Dist. Aft of Wotor Le" 
Dist. from ¢ of Motor 67" Dist. from ¢ of Motor 12" 
Time Tempera ture Time Temperature 
= | * 
0 55 | 0 | 56 
15 87 16 226 
Lo 93 le cho 


TABLE I(p) 


PEE OPRATURT. SURVEY 


Run (eh Duration of Run 45.1 sec. Motor M-272 


Fuel FUOH Oxidizer WFNA Mixture Ratio 2.30 


Thermocouple 72 Thermocouple 74 


} 







Dist. Aft of Motor ne Dist. Art of Motor 120 


Dist. fromg of Motor . 67” | Dist. from g of Motor 30" 


Time Temperature Time Temperature 


| = 73 0 Ty 
soy 91 ly 151 
oh 102 ao . ME 


TABLE I(h) 


TEMPERATURE SURVEY 


Run 7'25 Duration of Run 45.1 sec. Motor M-272 
Fuel FUOH 
Oxidizer WFNA Mixture Ratio 2.26 


Thermocouple 7/2 ____Thermooouple 73 







Dist. Aft of Motor ee Dist. Aft of Motor 120" 
Dist. from ¢ of Motor 67" Dist. from ¢ of Motor 53Q" 


Time Temperature Des — |rewersues 
0 
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TABLE ti) 


TROCTRATURE CURVEY 


Run 7 26 Duration of Run 21 sec. Motor M272 
Puel FUOH 
Oxidizer WFNA 4s xture Ratio ono 
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Thermocouple 72 Thermocouple 73 








Dist. Aft of Motor 120" 
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Dist. from g of Motor 67" from ¢ of Motor 18" 
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TABLE (4) 


Run #27 Duration of Run 1;5,1 seo. Motor M-272 
Fuel FUOH 
Oxicizer WENA Mixture Ratio 2.20 





Thermocouple “2c Thermocouple ;!3 
Dist. Aft of Motor Le" Dist. Aft of Motor 10" 
Dist. from g of Motor 67" Dist. from f of Motor nicht | 
_ Time Temperature Time Temoerature 
Sige. OF Sec. ) 
0 G7 0 67 


30 90 55 500 
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TR REC CU RY 


Run 3/55 Durrtion of Run jL.8 sec. Motor M-272 


Fuel FUOH 





-~ «a ‘5 are tee a a 
Oxidizer 95% WENA c« 57 Wd Mivture Ratio <€.15 
a a SS Ses 
“honuosouple pe ames: Themsocouple 73 
Dieu, ft of Motor Re Dast. AGL of Motor 
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Ran 236 Dumation of Run U!,,.€ sec. Motor ec7c 


Fuel FUCH 


a a eee : A 
Oxidizer 959 VPNA & 57 1,0 Mixture Ratio 2.05 

! se rs i 1 bY 
| Miermmas jl? 7 Maepns3y iple i 


_—<_ 


j 
eens es Soe eae 


| 
7 ' ” L 1 
| Dist. aft of Motor us" | Dist. Aft of Motor 120 
. © 44 ~ s " : # ey ee 3 Re att 
| Dist. foam & of “Motor 67" | Dist, fron fof Motor 9 22 
| | . Es 
| i | 
| mime Temperature | Time | Temverature 
| Vee. oF | D@C. | oF | 
| | : 
| 0 oe 0 ) 29 
| | | 
11 ely | 1h : 166 
| 
z 2 
Dit 90 vi) pis 
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Tid? ath as a LURVIY 


Run 738 Duration of Run 59 sec. Motor M272 


Fuel FUOH 


Oxidizer 95% WFNA & 5% Ho0 Mixture Ratio 2.20 
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Thermocouple 7e Thermocouple 
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Dist. Art of Motor hg" | Dist. Aft of Motor Le” 
| 
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TPBLT I(r) 


TEMPERATURE SURVEY 


Run “39 DPumetion of Run 45 ses. Motor “+272 
Fuel FUOH 
Oxidizer 95% WFNA 5% 1,9 Mixture Ratio 2.32 





Oe oe ees 
| ' 
| Thermocouple 7-2 Thermocouple ; 3 
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Dist. Aft of Motor ug" Dist. “ft of Kotor iy 





Dist. from ¢ of Motor 300" Dist. from g of Motor 46" 


Time Time Temperature 






0 56 0 Ou 
32 50 10 | 145 
48 169 


TABLE II(a) 
Pye PERATURE SUPVEY 


Run 728 Duration of Run 45.4 sec. Motor M-c72 


Fuel FUOH 
Qxidizer WFNA Mixture Ratio 2.56 





Thermocouple 7:2 | Thermocouple 25 
Dist. Aft of Motor U8" | Dist. art of Motor he” 
| Gist. Brom B of “otor 67" Dist. from g of Motor ch" 


— Tine | Temperature __ Tine Temperature 


| _—--— 


Sec. OF Sec. Op 
0 67 0 
ie To 1) 
LO 89 LL 
CS ve 66 





PABUoR Ti(b) 


TEMPERATURE SURVEY 


Run 29 Yuration of Nun |5 sec. Motor M-c7e 


Fuel FUOH 





Onidiser WRNWA Mixture Ratio 2.53 
ss ‘ 
ae * te 
| shermocouple 2< Thermocouple 2 
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Dist. Art of Motor ue” Met. Jct of Motor so" 


Cy ry Me : 
Diet. from @ of Kotor 2)" 
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PABLE II(c) 


TFLUPERRATURE SURVEY 


Run /'30 Duration of Run 1:5,.2 sec. Motor M-272 
Fuel FUOH 
Oxidizer WENA Mixture Ratio 2.0 
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TABLE II(d) 
TEMPERATURE SURVEY 


ry 


Pun /*31 Duration of Run 15.2 sec. Motor M-272 
fuel FUOH 
Oxidizér WFNHA Mixture Ratio 43.11 
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Thermocounle 7c Thermocouple +35 






Dist. Aft of Motor Le" 











Dist. from Zof Motor .67" | Dist. from¢of Motor 36” 


} 
| 
Dive. Aft oa lig tor 300" 
j 
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0 a1 0 oo 
26 G3 27 30 


| 
57 97 
74 96 
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TABLE II(e) 


TRMPLRATURE SURVEY 


Run < 32 Duration of Run 1.5.6 sec. Hlotor M-272 
Fuel FUOH 
Oxidizer WFNA Mixture Ratio 3,10 


sone 
TT «LT ST eT a ME >-_ -— —— . -) . [sv aaa 


ey 


Thermocouple #¢ Thermocouple : 4 








Diet. BTS of Mater US" | Dist. Aet of Motor Par 
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Dist. fron g of Motor 67" | Dist. frong of Motor 22" | 
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t 
Time | Pemperature Temperature 


Sec. OF Sec. OF 

Oo Gls 0 6h; 
23 75 2h &¢ 
5D : 13 56 105 
73 : 70 7 ioe 
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TABLE II(f) 


TEMPRRATURS SURVEY 


Run 3/33 Duration of Run 15 sea. Motor M272 
Fuel FUOH 
Oxicizer 95% WRNA & 5% Ho0 Mixture Ratio 3.10 


Thermocouple He Thermocouple # 


Dist. Aft of Motor Lg" Dist. Aft of Motor ue” 
Dist. fron ¢ of Motor 67" Dist. from g of 4otor 22" 





Time Temperature Temperature 
0 66 0 «68 

13 90 1h, 76 

78 10l, 39 96 


62 BC 65 105 


TABLE II(g) 
TEMPERATURE SURVEY 


ma SL, Duration of Run 45 seo. Motor M-272 
Fuel FUuou 
Oxidizer 95% WFNA & 5% Hoo Mixture Ratio 1.73 






Thermocouple 7-3 







Thermocouple jc 


Dist. Art of Motor 43" Dist. Aft of Motor en 


Dist. from € of Motor 67” Dist. from ¢ of Yotor 22" 


Time Temperature Temperature 
POC. %@C. °F 


0 68 | 0 69 
10 89 11 75 
30 106 31 92 

107 be 108 120 


156 80 137 12h) 
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7 Bur Io Aa. 
TERPORLTORG CURVES 


Run #73 Duration of Run 45.1 sec. Motor M-272 


Fuel 60% Aniline 2 0% FUOI! 
Oxidiz er 6 1/24 RPM. 
Wixturo Ratio 2.03 Distance Aft of Nozzle 2 6.5 ft. 
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em hermo- fac ot = Tce, a fom. oT 
aaa | ReeGing _ Therno- Corrected 
‘tunber | after § YVermp. couple Temp. for 
| Ste nt before Rise Thermo. 
| (oF fon | , uh Response 
/ AEE — ee ee eee ee Eee 
| Seconds ’ ea , a | OF AT 
= Se ES ae spe ie ns nen tet ee ee 
fs  ) «260 CF 500 56 hy 710 
==, 2 . 590 OT Li 631 
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10 | £& 276 57 219 ell 
11 | 29 £10 57 i) 355 168 
a? | 5S 15h, 58 96 102 
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1 ot ui. 58 D3 56 
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15 ho | 100 a 1, Lh 
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T4BlUE Tb 
TEMPERATURE SURVEY 
Ran #7, Duration of Run 15 sec. Motor M272 
Fuel 80% Aniline 20/) TuOH 
Oxicizer 6 1/26 RPNA 


5 


Mixture Ratio 1.69 Distance Aft of Nozzle 26.5 f%. 
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Distance ' Thermo- | Time of | Temp. of Temp. Rise 
Crom couple . Reading | | Thermno= | Corrected 
Number . after | Temp. § oouple Temp. for 
of Motor Start | before Rise Thermo. 
of Run _ , Run Response | 
cca | emma > waotern gn Sei nem -—— ea ae — ne moore 
(inches ) eet we = CF hr llr, 
eI a a a aE a 2 a ee ~ 
| ; : | 
2 ce 
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47 10 ) Lo eget] F 255 ebb | 
5 \. 50 150 Lié 104 105 
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TABLE Il¢ 
TUMPERATURE SURVEY 
Run # 75 Puration of Run 1;5.0 seo. Motor 4-272 
Fuel 80% Aniline 20% ruoH 
oxidizer 6 1/2 RENA 
sixtare Ratio 1.70 Distamoe Aft of Nozzle 26.5 ft. 
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btn temoe Thermo- | Time of | " Temp. of Tenp. Rise 
ae couple | Reading © _ Thermo-_ Corrected | 
Z, Number | after ‘| Temp. .§ couple  _Temp. | for 
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of Run | hon” Response 
a, ae: ae — . — 7 2 mis ee ot i. ail pe sr 
| inches a | Sec. | of | oc | AT | Ak 
Ries a, i ee ies ae <1 -______|_ __ ae 
. nT 
eo { & | m | 315 ar 
‘ ' ! 
oy - Peer 6} C8 Citi‘ |CttCO | wWé |} 200 
: | | i | 
i i © Pee ees?) CCC C106 | 12 
| | | , | | | 
Li? » 40 | 25 | 136 | Ve | 6h, | 73 
| { \ 
53 11 om 86! «CYOh | 72 #| ~~ «32 a6 
{ 
} 
me (OF CU 50 — | 
65 uw | on 6 | CTR 3 | ok 
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TABLE mT d 
TEMPERATURE SURVEY 
Run #77 Duration of Run 4.8 sec. Motor M-272 
Fuel 20% Aniline 20% FUOH | 
Oxidizer 6 1/2% RFNA 
Hixture Ratio ee Distance Aft of Nozzle 26.5 ft. 
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Distance ®hermo- Timo of “Stomp. of | emp, Rise 
from couple Reading | | Thermo~ _ Corrected , 
_Nunber after .§ Temp. | couple Temp. for 
of Motor Start | | ‘before | Rise = Thermo. , 
| iof Run | Run | | Response 
nh i pec of i 
e 
ine “i Sec - | °F | 2r r Ale 
7 oe ee ‘ 
2? 11 | 1 91 1 68 _ | 
67 3 «| ~OlCOb 89 3 ee ee | 
| | 
o_o F} Uw | 7 8h, 7 oF | (1 42 
_ ll 6h coi (tstsCB 12 | 22 
29 & 8 2 I b26 68 358 39K 
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TABLE We 
TRMPENATURE SURVY 
Run 78 Duration of Run l5 seo. Motor M+-272 
Fuel 30% Aniline 20% FUOH | 
Oxidizer 6 1/2% RFNA ) 
Mixture Ratio 1.58 Distance Aft of Nozzle 26.5. Can. 
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“Distance Thermo- @ime of ~ emp. of Venn. Rise 
Tro” couple Reading | Therno- Corrected 
. Humber after . Temp. couple Temp. for 
of Motor | Start | before Rise Therno. 
hordman | Run Response - 
a | Sec | oe | of AT | AT. 
——— 
i = 29 7 6 21 | hep 76 ee a: 
- | 7 22 | 382 | ~~ 80 302) "| See 
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ki | 9 a uel, CU! 208 216 
i @ ° 10 | oe ese C76 82 85.5 
| | t [Ff 25 |} 78 67 CO ee 
59 13 | 51 100 | MO 25 25.2 
65 1h 52 | 92 ) 76 : 16 16 
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Oxicizer 6 1/26 RFNA 


Mixture Ration 2.56 
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TABLE WI f 


Dare tion ofeiun 


COD Aniline 20% FUSR 


ee eee 


THEPURATURE 


1i5.2 sec. 


URVEY 


Motor M~272 


Distance Aft of Nozz le 26.5 ft. 
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en eS EE enn me eee * 


we en Ree Oe ee i ee 


i aoe ee Coes 


Temp. of Temp. Rise 
Thermo- Corrected 
| gouple Temp. for 
before Rise Thermo. 
Run Response 
oF a ol AT 
| he , : 
fe «es Lé 
80 2a a5 ce 
S  } “te 18.5 
oF 825 476 
C5 356 550 
85 261 268 
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TABLE TIL g 
TEMPERATURE SURVEY 
Run ‘81 Duration of Nun 45.2 sec. Motor M.272 
Fuel €0S Aniline 07 Puoll 
oxidizer 6 1/2% RFNA 


Mixture Ratio 2.36 Distance Aft of Nozzle 2C.5 ft. 

















‘Distance 'Therno- |Time of | Temp. of  Womp. Rise 
from | couple Reacing . Thermo? Correoted 
¢ Number | after Tenp. couple Temp. for 

of Motor steers | before Rise Thermo. 

| 'of Run Run Response |; 

: — ee Eee 2 

inches oe oF i AT ATe 
oo ER EE — ~~ 
», Ae . | 

| ay 2 | yee | =) 56 306 419 
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31 2 ee) nm ©? 56 190 . Pree | 

| | | ; : 

3% 6 190 | 36 56 15); » Gee 

OS 7 a | 56 ce: | eigeum 

_— «(| 9 93 he 5D ee er 

_ > | L> 5¢ ~ 1 
G1 | aol 


| 

| 

| 
1D. So 

| 


om ee ee See — Se eee ee 


' 


Distance 


AEN 
Ran = uc 


s 


Duration of Thm 1.0 sac. 


Fuel 60% Aniline 20% 
Oxicizer VPNA 
Pintare Batio 1.75 
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ly 5 
4 6 | 
» we 7 
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77 m 
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89 1h 
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TABLE IVa 
W4PrRATURE SURVEY 
Motor M-297 
FUOH 
Distence Aft of Nozzle 7ch.5 
femp. of 
Thermo- 
Temp. couple Temp. 
before Rise 
Ttun 
dl = a AT 
e 48 72 100 
172 72 62 
134, Te 99 
106 71 20 
92 qe 10 
G2 Pane 6 
7 Te 3 
77 72 2 
74 72 3 
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Temp. Rise 
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for 
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Response 
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TABLE IV b 
TEMPERATURE SURVEY 


Run :'85 Duration of Run 45.3 sec. Wotor M-293 
Fuei FUQH 

Oxidizer WFHA 

Mixture Ratio 1.77 Distance Aft of Nozzle 2.5 ft. 
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Distanoe | Thermo- (fine of ' | | Tom, of/ | Temp, Ris 
from | couple (Reading | ‘| Thermo- | ‘Corr eo ted 
| Number after | Temp. couple | Temp. : for 
of Motor , Start | | before Rise | Thermo. 
| ! iof Run | Run 7 Response 
inches | Sec. | fie | - | ar AT. @& 
SS 
| 2 3 ee eee | 63 | 165 {| «2ié | 
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| | 7 
| 53 6 a 
| 59 7 33 102 642 | ko 13 
65 9 | RO 55 5 | 
71 | 10 | 49 | G9 62 a | " 
V0 | a. Lo | 67 62 5 | 5 | 
2 06 OU a rr 5 5 a 
ae lle, SL 3 : 
95 mo (UFlCU tC, a ie 2 7 
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LEME RETUNE OURVEY 


nun #65 Duration of Run 9.9 sec. Motor M294 
Fuel FUOH 

Oxicgizer WFHA 

Mexture Ratio <.2c Distance Aft of Motor ce ft. 








Thermo- | Time of fenp. of | Temp. tise 
couple Reading Thermao- Corrected 
Number efter Temp. couple Temp. | for 
Start before Rise Thermo. 
of Run Rum Response 
z 1 13), 60 74 114 
5 nL 116 68 7 67 
6 19 so C}ttCéCG 16 3C 
7 20 7h 68 é 7 
9 | a | wm | oe (7 = 
10 | 26 70 6e 2 a 
U1 27 S | @ 1 1 | 
13 30 69 me | 3 5 
Lb 51 GE 6, | E 2 
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TABLE Wb 
TIMPERATURT SURVEY 


rue ue Dura oa On on Run iS Sec. Mo tor Me2 9: 
i 2 2 
Ty al FUOH 


Jxnidizer WFNA 


Mixture Ratio 2.16 Distance Aft of Nozzle 22 ft, 
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of Wotor | , Start | before | Rise | Thermo, 
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Run 7c@ Duration of Run 41,.8 sec. Motor M-29% 
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| lumber | efter {| Temp. {| couple | Temp. i! for 
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| | | of Run | | Run | Response 
ee St 
inches | See, AT ae | 
— eee AT: 
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TABLE Wd 
PIMOTRITURT SURVEY 


Tun - 98 Duration of Run 45.6 sec. Motor M295 
Fuel FUOH 


Oxidizer 90% WFNA & 1072 1b) 





Mixture Ratio 2.40 istance Aft of Motor 22 ft. 
Distance | "hermo- | Time of Temp. of Temp .Rise| 
| from : couple Reading Thermo= Correctad 
Numbd er after Temp. couple Temp. for 
of Motor Start | before Rise | Thermo. 
of Run Run Response 
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TABLE WE a 
TIMCERATURE SURVEY 


Run /'89 Duration of Run \!,.3 seo. Motor M-29% 
Fuel FUOH 
Oxidizer WFNA 


Mixture Ratio 1.7) Distance Art of Nozzle 19 ft. 








‘Distance’ Thermo- Time of | | Temp. of |  .. emp, Rise 
from § coup le Reacing | Thermo- | Corrected |, 
Number = after | Temp. | couple | Temp. | for . 
of Motor | Start | | before i Rise | Thermo. , 
| i of Run | _ Run | Response | 
vost —<) - eo — ss. a aoe ee — a aa atta 7 | 
inches | | Sec. aa °F | AT | AN. | 
me |6|)hlCUlUtC::Cté«d ayo | kG} a | 
| j | | 
SS 2) i: LG {| age } 
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Lo | 7 286|) (23 Wk | 85 2g «| lh 
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a 4 i | 26 Oly Bl | lo fo om | 
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TABLE VIb 
TEMPERATURE SURVEY 


Fun 90 Duration of Run 15.2 sec. Motor 'M+29% 
I'uel FPUOH 

Oxicizer 

Mixture Retlo 1.75 Pistance Aft of Nogzle 19 ft. 


"ipa |aoupie Ttime of | ieee of] Geup. Rise 











from couple Reading | Thermo-~ | orrected 
¢ humber after Temp. ; couple Temp. for : 
of Motor | Start before Rise Thermo. | 
| of Run | Run teSponse 
“inches 1 S€c. es ne | etc 
| 30 z, | 5 | 277 | 73 | 20h | 267 
| ae 7 | 200 re ne 
a 6 20 | 13h 13 61 To 
Ls 7 22 92 72 20 2h | 
5h 9 es Sl 72 12 hy | 
69 10 2c 93 72 1 2 
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| Oh 15 | 31 | 80 72 3) 9 5 
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TABLE We 
TEMPERATURE SURVEY 


Run - 91 Duration of Run 45 sec. Motor We293 


rue Fruon 
oxidizer 90% WFNA 10% Hpd 


Mixtures Ragio -¢<.o1 Distanoe Aft of Nozzle 19 ft. 
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| Number after Temp. couple !| Temp. for 
of foton Start before | Rise 2 erm. 
| of Run | Nesponse 
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TREMPURATURE SURVTY 


Run 7 97 Duration of Run 4/:.6 sec. Motor M-29% 
Fuei FUOH 
Oxicizer 906 WFNA & 107 Kod 


Mixture Ratio 2.19 Distance Aft of Motor 19 ft. 
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Distance |Thermo- [Time of | Temp. of 'Temp.Rise| 
fron couple Reading , Thermo~ Corrected 
g Number efter | Temp. couple Temp. for 

of Motor Start | before Rise Thermo, 
of Run | Run Response | 
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TARBLT Wil a 
TERPPRET URL SURVEY 
Run ; 92 Duration of Run 15 seo. Motor M293 
Fuel FUOH 
Oxtdizer 90% TFNA & 10% Hod 


Mixture Ratio 2.20 Distance Aft of Motor 16 ft. 
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Ozldizer 90% WFNA & 10 Mb0 
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°'BlLE Wile 
THMPERA SURE SURVEY 
Run -95 Duration of Run 15.4 sec. Kotor Me-294% 
Fuel FUOH 


Oxidizer 90% VFNA & 10/5 11,0 


Mixture Retio 1.73 Distense Aft of Motor 16 ft. 
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Rise | Yhermo. 
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1 nches | | sec of | on AT AT. 
- | | | a 
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ie | G | “ae r 4p] — | ae | Li 
| 
LG a | 43 7 2 | 9% 19 | 20 
| i 
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| 7 | 
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TAE 1a Vr Ad 
THAP'RATURE SURVEY 


Run -'96 Duration of Run 5./; sec. Motor €W-29% 
Fuel FUOH 
Sxicizer 90% VFNA & 19% Hod 


Mixture Ratio 2,01 Distance Aft of Motor 16 ft. 
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'Distance| Thermo- Time of | Temp. of Temp Rise 
from couple Reading Thermo-= Corrected 
Number after couple Temp, for 
of Notor Start before Rise Thermo, 
of Run Run Response 
— sec ar AT. 
33 5 20 260 95 165 es 
| 30 6 27 179 9h, 35 99 
Be 7 29 119 91; 25 27 
oD ? oe 192 9h; 8 9 
: 57 10 42 100 9), C 6 
| c 11 oD 96 93 3 z 
72 uy 36 aly 91 , 5 
Ti 15 59 93 91 2 2 
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PAB VIL a 
CEMPERATURE SURVEY 


Run 7199 Duration of Run 45 secs Motor M293 
Fuel FUOH 

Oxidizer 90% WFNA & 10% 0 

Mixture Ratio 1.2 Distance from ¢ 2h," 




















ag ven Thermo= | Temp. of Temp .Rise 
t RLt couple ! Reading Thermo-~ Corrected 
| of Number couple for 
| Motor before Thermo, 
| | Run Response 
| i 
| inches | Re 
35 9 L 110 52 68 19h, 
iia 10 5 100 63 37 92 
a ht 6 86 61 25 sti 
15 15 g | 8y 6, 20 36 
? 14 9 8h, 66 18 31 
a5 10 82 G6 16 26 
51 5 32 2ho 62 278 299 
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TABLE VOL b 
TEMPTRATURE SURVEY 


Run ;100 Duration of Run 59.9 sec. Motor M-293 
Fuel FuOH 
Oxidizer 90% WFNA & 10% Hoo 


Mixture Ratio 2.78 Distanoe from ¢ of Motor 36" 
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; I A CL I A OL LL CT I AO LC IIL ALLIS LOD EOI SID = ae | 
(Distance! Therno- | Time of | Temp. of Temp.Rise 
1 Aft couple Reading Thermo- Correc ad 
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D 
9 ul, | 4s Bl 59 25 26 
3 15 LG 80 59 21 21 


Semen vere, | THe. | courte | fe. | fo 
a of Run Run rep ee 
61 2 50 #15 60 59 55 
55 3 51 86 60_ a6 26 | 
a 5 D5 96 59 D5 oS 
15 6 56 98 59 of Be 
39 7 57 95 58 37 77 
15 9 60 | 88 59 37 29 
27 10 ho 92 59 33 ab FE 
Ly Lt 91 59 5a aD | 
13 Ub 96 59 29 28 
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TABLE IX 
VELOCITY SURVEY 


Distance Art of Motor 2.5 ft. 































Y and 6K [C6ne env | 
from Temp i with with 
of Temp. jrack rack 
Motor to of at flow | 
Motor 470 | 
Pe ead 
30 1.32 76 (7.6) | 5.h2 
ah z wm i 62 5h ; 
BS 65 0.95 | 98 76 (4.7) 3.90 | 6 64.5 
LO 69 0.61 83 62 2.5 
ho 65 | 0.35 | 98 | 76 (2.5) | 1h | 3 | hé9 
Lié 69 OxL2 e2 62 0.49 
LS 65 O.1; | 98 76 es 70) | 0.58 6 Ol. .6 
52 69 0.01 04 62 0.0) 


L9 65 0.07 98 76 (0.10) | 0.29 Lé 9.4 





* () Numbers derived from data not in () in this column. 


ax Degrees are positive when flow 1s toward of Motor. 
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TABLE X 
VELOCITY SURVEY 


Distance Att of Motor 22 ft, 


DistanceAlcoho Ambient Direct = | 
from Temp. |(inohes| Run Air with | with ion 
of of |Number | Temp. | rack raok of oles 
Motor \lcohol) to of at | flor 
Motor 37° | 
ee A fee er : 
1.98 Osa | (6.6) =5 85.3 
oe 75 Rot oi 86 5 eu 
3C 65 0.74 G6 6 %.0l | (1.9) +2 52.1 
38 75 0.29 97 B6é ene | 
2 65 O.11; 86 64 0.58 | (0.60) | 22 23.6 
hu 75 0.16 97 86 Ougl 
hg 65 0.00h, 86 6h 0.016 | (0.05) | é 6% 
50 1? 0.003 97 86 0.012 
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TABLE XI 


‘ VELOCITY SURVEY 


Distance Aft of Motor 19 ft. 


—_ ee a ee rene ee = eet es me te mer ne pn ert ee te tee ee ee 


erent _———— ae re ee ee wee eee een te ~ Sanaa ewe ee eee ee ee eg 
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na 
from Alooholi(inches{| Run |Ambient/ with with | Direct | Speed 
of Temp. of Number Air a ok rack ion of 
fotor Alcohol Temp. |to, of| at of flow 
fotor oT flow 
fnches| °F inches oe | eee fH ete degrees rt/sec 
23 66 3.2 90. 72 15.18 
23 82 0.65 96 2.56 -11° 221 
29 66 1.03 50 72 eck 
29 82 0.52 96 445 -10° 125 
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TABLE XII 


VELOCITY SURVEY 


Distanse Aft of “otor 16 ft. 
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23 75 2.5 92 R9 10.2 
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29 82 0,€1; 55 oo Schl | 35s 57 
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FIGURE | 
TEST el T 


(Looking toward motor) 





FIGURE @2 


best ral 


(Looking aft from motor. Rack in right foreground. ) 





FIGURE 3 
CONSTRUCTION“ OL AN TROneCONSI AWA. 


T.lB. » GCOUPLE 


Bye Twist wires as shown in the enlarged diarran and treze, makine 


a emall bead of metal which mey be blackened with soot, 
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B.. Twist the wires as shown but cut so wires cross only once, 


Silver solder this junction, 


C. sith either method ( #, or B, ) the finished thermocouple will 


be as follows: 
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FIGURE 4 


BROWN POTENTIOMETER 
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FIGURE 


RACK 


Prondti Pitot tube 


(a) 


Thermocouple 


(bd) 


Stagnation temperature probe 


(c ) 
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FIGURE oli 
TILTING MULTIPLE MANOMETER 
(in the 14.5 ° position) 
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FIGURE 


meweome CONTROLLED PITOT TUBE 


(Assembled ) 





PrGUinc. 1% 


ReMOTe CONTROLLED PITOT TUBE 


(Disassembled) 
(0) Aluminum shield (d) Pitot tube 


(b)Rubber tubes (e) Motor 
(©) Synchro (f) Adjustable support 


ao%09*a 





FIGURE 1I4 


SYNCHRO CONTROL 
Rectifier (220 a.c. to 244.c.) 
Inverter (24d.c. to !1\0a.¢c.400~) 
Amplifier 
Synchro 
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SMALL INCLINED MANOMETER 
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Thesis 8104 
W56 Whitmore 


Exverimental investi- 
gation of temperature 


and velocity distribu- 
tion about a rocket jet. 





